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ABSTRACT 
 
Background: The aim of the study was to test the hypothesis of a link between sleep and 
cognitive functions, particularly memory and attention, after stroke and over time. 
Methods: We studied 11 consecutive patients with first-ever hemispheric ischemic stroke within 
eight days after symptoms onset and nine of them at least three months after stroke. Sleep EEG 
was recorded with a portable system. Cognitive functions were assessed using a standardized 
battery of tests allowing the estimation of the most relevant domains of cognition. Five age-
matched healthy subjects served as controls. 
Results: Eleven patients aged 43±12 [18-59] years were included. In five patients stroke was 
right-sided, in six left-sided. In the acute stroke phase a correlation between attention and 
amounts of slow wave sleep (SWS), REM sleep and sleep efficiency was found. In the recovery 
phase verbal/figural memory and attention significantly improved in most patients. Furthermore, 
an association between a) verbal/figural (nonverbal) memory and amounts of SWS, REM sleep 
and sleep efficiency, and between b) attention and sleep efficiency was observed. 
Conclusions: The results point to a link between sleep and cognitive functions and its recovery 
after hemispheric stroke. Further studies are needed to determine the specific nature of this link. 
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INTRODUCTION 
 Several studies suggest a prominent role of normal sleep in learning processes and 
memory consolidation1,2. REM sleep may be important in processing memory traces and 
previously learned sensory and motor tasks2-4. Non REM (NREM) sleep, particularly slow wave 
sleep (SWS), which reach its maximal expression in the frontal brain areas5, reflects sleep 
homeostasis and has an impact on frontal cognitive functions6. Recent studies suggest that SWS 
may increase neuronal plasticity enhancing attention, consolidating procedural and declarative 
memory4,7-10, and possibly favouring synaptic homeostasis11. 
Changes in sleep EEG patterns after hemispheric stroke have been documented in studies 
of the last three decades12-19. Muller et al. found a lower sleep efficiency, as well as lower 
amounts of SWS and REM sleep in patients with acute hemispheric stroke17. Gottselig et al.18 
documented a reduced spindle activity on the side of the lesion in patients with extra-thalamic 
stroke. Sleep efficiency19, preserved spindle activity12 and amount of REM sleep15 in the acute 
phase of stroke have been shown to be associated with a favourable outcome. 
The relationship between sleep EEG, cognitive functions and focal brain lesions in 
patients with ischemic stroke has never been investigated.  
The aim of this study is to test the hypothesis of a link between sleep EEG and cognitive 
functions, particularly memory and attention, after hemispheric stroke during the acute phase and 
over time. 
 
METHODS 
Patients. Eleven consecutive patients aged 18-59 years with a neuroradiologically proven 
first-ever acute ischemic hemispheric stroke admitted within one week after stroke onset were 
4 
 
prospectively included. The study design was approved by the local ethical committee, and 
written informed consent was obtained for each patients before inclusion. Stroke severity was 
assessed by the National Institute of Health Stroke Scale (NIHSS)20, functional disability at 
discharge was estimated by the modified Rankin disability scale (mRS)21 and by the Barthel 
index22. Patients with intracerebral/subarachnoid haemorrhage, hemorrhagic infarction, life-
threatening medical conditions, impaired level of consciousness, major/uncontrolled psychiatric 
disease, or impaired ability to communicate, were excluded. Patients with aphasia were admitted 
to the study, could however not perform all the neuropsychological tests.  
Nocturnal breathing was assessed with a validated23 portable respirography (Autoset® 
portable II plus, ResMed). Patients with sleep apnea - defined after standard criteria24 - were 
excluded. 
Control group. Five age-matched hospitalized patients served as controls. They were 
selected according to following criteria: 1) No central nervous system disease or 
major/uncontrolled psychiatric disorder by history or clinical examination, 2) no sleep apnea24, 3) 
no symptoms/signs of other clinically relevant sleep disorder, as assessed by sleep questionnaires, 
4) no regular use of hypnotic medication. 
Sleep EEG recordings. EEG, submental EMG and electro-oculogram (differential 
recording) were recorded using a portable polygraphic amplifier as described previously18. 
Sleep stages (NREM sleep 1-4 and REM sleep) were visually scored according to standard 
criteria25. The referential derivation over the healthy hemisphere (C3A2 for right hemisphere-
lesioned subjects and C4A1 for left hemisphere-lesioned subjects) was used for scoring purposes 
in order to minimize contamination of the EEG by signals from the lesioned hemisphere. The 
recordings started between 8 p.m. and midnight, and lasted between 5 and 12 hours. Total sleep 
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time (TST) was defined as time between sleep onset and final awakening in the morning. Sleep 
latency was defined as the time between lights off until the first occurrence of NREM sleep 
(stages 2–4) or REM sleep, sleep efficiency as amount of time spent in sleep stage NREM 2-4 or 
REM between sleep onset and awakening in the morning. 
The sleep EEG was recorded in all patients at least once during the acute phase between 
the third and the eight day after stroke onset. A follow-up sleep EEG was performed in the 
recovery phase, 3-12 months after stroke. Sedatives and hypnotics before and during sleep EEG 
recordings were avoided. 
Radiological assessment. Brain magnetic resonance imaging (MRI) was performed in all 
patients within three days after stroke onset. Stroke topography was determined according to 
templates of vascular territories of the cerebral hemispheres26. Stroke volume was measured from 
digital axial diffusion-weighted echoplanar images using a specific software package27. 
Neuropsychological tests. Cognitive functions were assessed by a standardized battery of 
tests allowing the estimation of the most relevant domains of cognition, particularly verbal and 
figural memory and attention (table 2), within the first week after stroke onset. Memory function 
after sleep was separately assessed by the California Verbal Learning Test and by the Rey Visual 
Design Learning Test in the morning after awakening. A follow-up examination was performed 
in the recovery phase, 3-12 months after stroke. 
Statistics. Statistical analysis was performed with SPSS software package (version 12.0). 
Continuous data were presented as mean and range, categorical variables as numbers and 
percentage. Student`s unpaired t-tests were used for comparison of patients groups and for testing 
of continuous variables. Not normally distributed data were compared with the Mann-Whitney-
Test. Correlations were calculated using the Pearson's coefficient. A p-value <0.05 was 
considered to be statistically significant. 
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RESULTS 
Clinical data. The mean age of stroke patients was 43±12 [18-59] years, four of them 
(36%) were male and seven (64%) female. The mean score on the NHISS at admission was 8±4 
[1-16]. Three patients had some degree of aphasia or dysarthria/dysphagia. At discharge the mean 
mRS was 2.1±1.4 [0-4], the mean Barthel score 84±22 [50-100]. Sleep EEG recording and 
neuropsychological assessment were performed 5.3±2.0 [3.0-8.0] days after stroke onset. Follow-
up examinations could be performed in nine patients after 9.1±2.6 [3.0-12.0] months.  
The mean age of the controls was 49±12 years [33-63], two of them (40%) were male and 
three (60%) female. 
 
Radiological data. Stroke was localized in five patients (45%) in the right hemisphere 
and in six (55%) patients in the left hemisphere. Infarct volume as estimated by MRI was 81±66 
[5-200] ml. The topography of stroke was superficial (pial⁄superficial branches of middle, 
posterior or anterior cerebral artery) in 8 patients (73%), deep (deep⁄perforating branches of 
middle cerebral artery) in one patient (9%), superficial and deep in two patients (18%). No 
patients showed a direct involvement of the hippocampus in the ischemic lesion. A detailed 
schematic presentation of the stroke topography is shown in figure 1. 
 
Sleep EEG recordings. REM sleep latency was higher and amount of REM sleep was 
lower in acute stroke patients than in controls, these results did not reach however statistical 
significance. Sleep efficiency was significantly (p=0.010) lower and wake after sleep onset 
(WASO) was significantly (p=0.006) higher during the acute stroke phase when compared to the 
recovery phase. The main sleep data of patients and controls are summarized in table 1. 
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Cognitive tests. The results of all cognitive test in the acute phase, recovery phase, and of 
controls are summarized in table 2. 
 
a) Acute phase versus controls: We observed significant differences in verbal memory, 
figural memory and attention including verbal/nonverbal fluency between patients with acute 
stroke and controls. 
b) Acute versus recovery phase: A significant improvement in verbal memory, figural 
memory and attention including verbal/nonverbal fluency was found from the acute to the 
recovery phase after stroke. 
Considering the small sample size of the control, we also compared patient’s data with 
published non-hospitalized norms of same age and gender groups28. 
 
Correlations between clinical parameters and sleep / cognitive tests. Stroke severity at 
admission (NIHSS) correlated positively with WASO (r=0.695, p=0.018) and inversely with 
verbal memory [short delay (r=-0.862, p=0.006) and long delay (r=-0.731, p=0.039) word recall, 
word recognition (p=-0.775, r=0.024), long delay recall after sleep (r=-0.801, p=0.017)] in the 
acute phase. Stroke volume negatively correlated with verbal memory (short delay word recall 
and word recognition) during the acute (r=-0.855, p=0.007) phase. 
No correlation was found between stroke severity at admission and sleep/cognitive tests in 
the recovery phase, as well as between functional recovery (as estimated by the mRS and by the 
Barthel index) and changes in sleep/cognitive tests over time. 
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Correlations between sleep and cognitive tests.  
a) Acute phase: A correlation between attention including nonverbal fluency and amounts 
of SWS and REM sleep, WASO, and sleep efficiency (figure 2a) was found. The score in the 
Mini Mental Test correlated with WASO and sleep efficiency. 
b) Recovery phase: A correlation between a) verbal and particularly figural (nonverbal) 
memory and amounts of SWS and REM sleep (figure 2b), WASO, and sleep efficiency, b) 
attention including verbal/nonverbal fluency and WASO and sleep efficiency was observed. The 
score in the Mini Mental Test correlated with WASO, sleep efficiency, and amount of REM 
sleep. The details of the most representative correlations between sleep and cognitive tests are 
shown in tables 3 and 4. 
 
 
DISCUSSION 
The aim of this study was to investigate potential relations between sleep and cognitive functions, 
particularly memory and attention, in patients with acute hemispheric ischemic stroke and their 
evolution over time. The main results of the study can be summarized as follows: 
1) Verbal/figural (nonverbal) memory and attention significantly improved in most patients in the 
recovery phase after stroke. 
2) In the acute phase a correlation between attention and amounts of SWS and REM sleep, 
WASO and sleep efficiency was found. 
3) In the recovery phase after stroke an association between a) verbal/figural (nonverbal) memory 
and amounts of SWS and REM sleep, WASO and sleep efficiency, and between b) attention and 
WASO and sleep efficiency was observed. 
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Our results suggest an association between sleep patterns and recovery of cognitive 
functions after ischemic stroke. Such a relationship was previously observed in patients with 
brain lesions of other etiology. Ron et al.29 showed in nine patients with traumatic brain injury 
with a follow-up of 38 weeks after regaining consciousness that improvement of REM sleep 
correlated with a better performance in the cognitive tests, particularly memory and attention. 
Valente et al.30 reported that the presence of organized sleep patterns in the recovery phase after 
severe traumatic brain injury was highly predictive of a better cognitive and functional outcome. 
In our patients, both verbal/figural memory and attention improved concurrently with 
increased sleep efficiency and decreased amount of WASO from the acute to the recovery phase 
after stroke. In analogy to observations in normal subjects2,4,7,9,31, both SWS and REM sleep and, 
overall, WASO and sleep efficiency, were associated to attention during the acute phase. 
Conversely, during the recovery phase the amount of both SWS and REM sleep was 
predominantly related to figural memory (including in the memory tests performed after night 
sleep), whereas sleep efficiency was related to both verbal/nonverbal memory and attention. 
Remarkably, no association between functional stroke recovery and changes in sleep EEG or 
cognitive tests over time was observed. 
These observations suggest that impaired amount/quality of sleep after stroke may non-
specifically affect cognitive functions, particularly attention, whereas SWS and REM sleep may 
be more specifically linked to (figural) memory recovery. Moreover, no association between 
SWS and REM sleep and memory was observed in the acute phase. This may reflect 
rearrangements in neuronal and neurochemical pathways (e.g. activation of central cholinergic 
system) occurring during the recovery phase after a focal brain lesion, suggesting that the same 
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neuronal networks needed to produce and modulate sleep may also be involved during the day for 
the recovery of specific cognitive functions. 
Our results are supported by previous observations, showing that sleep plays an essential role in 
reprocessing memory traces, leading to memory consolidation predominantly in sensory (mainly 
visual) and motor skill – procedural - memory domains7-9,32-34, and promoting learning-
dependent brain plasticity35. NREM sleep (particularly SWS) and REM sleep seem both to 
contribute in different ways to cognitive processing4,7-9,35. Recent observations suggested that 
consolidation of hippocampus-dependent, declarative (verbal) memories is associated with 
SWS10, whereas non-declarative procedural (nonverbal/figural) memories benefit primarily from 
REM sleep31. However, this dichotomy could not be observed in our patients. 
Our study has several limitations. First, the small size of the sample and the high 
variability of the individual results. Second, our methodology and results do not allow to discern 
if the association observed between sleep EEG results and cognitive functions is direct (causal) or 
indirect. Third, our patients were relatively young (43±12 years) and mostly presented with 
mild/moderate strokes (NIHSS 8±4). Hence, it remains unclear whether the observed association 
between sleep and cognitive functions and its recovery over time might be extended a) to patients 
with severe/very severe hemispheric strokes, in which further sleep-related (e.g. hypoxic episodes 
associated with sleep-disordered breathing) or sleep-independent factors might consistently affect 
recovery, b) in general, to an older, more typical stroke population. 
Further studies are needed to better understand the role of sleep in the recovery phase 
after ischemic stroke, as well as its clinical, prognostic and possibly therapeutic implications in 
the rehabilitation of stroke patients, and, more generally, of patients with focal brain injury. 
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Table 1.  Sleep data derived from visual scoring of patients (acute and recovery phase) and 
controls 
 
 Acute phase  (n=11) 
Recovery phase  
(n=9) 
Controls  
(n=5) 
 p 
Total sleep time (min) 395(221-568) 461(406-514) 411(380-451)  
Total recording time (min) 560(482-738) 516(487-538) 487(416-516)  
Sleep latency (min) 25(3-55) 23(2-45) 20(17-23)  
REM sleep latency (min) 109(34-479) 109(64-218) 66(49-101)  
Sleep efficiency (%) 81(49-96)* 94(88-98) 88(80-96) 0.010 
WASO (min) 91(13-229)* 27(5-56) 50(9-93) 0.006 
NREM sleep 1 (min) 50(15-107) 64(13-197) 65(33-117)  
NREM sleep 2 (min) 282(142-425) 269(200-327) 227(209-253)  
NREM sleep 3 (min) 32(0-110) 28(0-73) 34(10-63)  
NREM sleep 4 (min) 5(0-31) 8(0-51) 1(0-4)  
REM sleep (min) 73(14-103) 92(52-149) 85(67-100)  
 
 
Mean values and (range) are provided 
REM, Rapid eye movement; NREM, non-rapid eye movement; WASO, wake after sleep onset 
 
* significant difference (p<0.05) compared to recovery phase or to controls 
Bold, significant difference compared to acute phase 
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Table 2.  Results of the cognitive tests in patients with ischemic stroke during the acute 
and recovery phase, in controls and in published norms 
 
  Acute phase (n=11) 
Recovery phase
(n=9) 
Controls 
(n=5) 
Published 
norms 
Mini Mental State  25(7-30)  28(24-30)  29(28-30)  >24  
Intelligence quotient  91(0-124)  103(92-130)  117(94-130)  85-115  
Wechsler Test  5(4-7) 5(3-7) 6(5-8) 5-8 
Corsi Block Test  5(3-6) 6(4-8) 6( 3-7) 4-7 
      
California verbal  D1 4(3-6)  5(3-8)  7(5-9)  4-9  
Learning Test D5 10(6-16)*  11(8-16) 14(11-16) 10-15  
 IL 4(2-6)*  5(3-9)  6(2-7)  3-8  
 SD 7(4-16)*  9(7-15) 11(5-16)  8-14  
 LD 8(5-16)*  10(6-16)  13(10-16)  9-15  
 Rec 15(12-16)  15(11-16)  15(13-16)  13-16  
 E-1h 3(0-7)*  3(0-12)  1(0-6)   
 LD-sleep 7(4-16)*  10(5-16)  13(8-16)   
 Rec-sleep 14(12-16)  14(10-16)  16(15-16)   
 E-sleep 4(0-15)  4(0-14)  0(0-2)   
      
Rey Visual Design  T1 2(0-7)*  5(2-9)  5(2-6)  2-7  
Learning Test T5 6(1-15)*  10(3-15)  9(5-13)  6-13  
 LD-F 5(0-15)*  9(3-15)  10(4-14)   
 Rec-F 14(6-15)  14(13-15)  14(13-15)  13-15  
 E-F-1h 5(0-14)*  3(0-7)  1(0-3)   
 LD-F-sleep 6(0-15)  0(4-15)  10(7-14)   
 Rec-F-sleep 12(3-15)  13(10-15)  14(12-16)   
 E-F-sleep 6(0-14)*  2(0-7)  1(0-2)   
      
d2 test of Attention Total 286(98-532)  297(108-523)  288(237-308)  233-456  
 Total-F 241(55-408)  286(75-520)  286(232-307)  214-416  
 E% 20(0-44)*  9(0-40)  0(0-0)  3-18  
      
Verbal fluency VF 15(6-40)* 21(5-38)  41(37-44)  18-41  
 F 1(0-4)*  0(0-1)  4(2-5)  1-9  
      
Nonverbal fluency NVF 21(5-40)*  27(10-40)  34(25-40)  20-47  
 F 3(0-10)*  0(0-0)  1(0-3)  1-15  
      
Beck Depression 
Inventary Total score 2(0-8)  
7(1-34) 2(0-6)  
 
Mean values and (range) are provided 
 
*significant difference (p<0.05) compared to recovery phase or to controls 
Bold, significant difference compared to acute phase 
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Legend to tables 2, 3 and 4. 
 
Intelligent quotient Multiple-/vocabulary intelligence Test 
  
California Verbal Learning Test  
D1/D5 Number of recalled words or geometric figures in the 
1st and 5th attempt, 16 words 
IL  Number of recalled words of the second list 
(interference list), 16 words 
SD Short Delay (Playback of the words of the 2nd list 
(interference list), 16 words 
LD Long Delay (Playback of the words of the 2nd list) 
after 1 hour, 16 words 
Rec Recognition of words after 1 hour, 44 words 
E-1h Errors in the recognition of words after 1 hour, 44 
words 
LD-sleep Long Delay after sleep (Playback of the words of the 
2nd list) after sleep, 16 words 
Rec-sleep Recognition of the words after sleep 
E-sleep Errors in the recognition of words after sleep, 44 
words 
  
Rey Visual Design Learning Test  
T1/T5 Number of recalled geometric figures in the 1st and 5th 
attempt, 15 figures  
LD-F Long Delay, recalled figures after 1 hour, 15 figures 
Rec-F Recognition of figures after 1 hour 
E-F-1h Errors in the recognition of figures after 1 hour 
LD-F-sleep Long Delay, recalled figures after sleep, 15 figures 
Rec-F-sleep Recognition of figures after sleep 
E-F-sleep Errors in the recognition of figures after sleep 
  
d2, Total d2 test of attention, total number 
d2, Total-E d2 test of Attention, number of errors 
d2, E% d2 test of attention, percent of errors 
  
VF Verbal Fluency (number of words, 3 minutes) 
NVF Non Verbal Fluency (number of figures, 3 minutes) 
F Number of errors in VF/NVF 
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Table 3.  The details of the most representative correlations between sleep EEG and 
cognitive tests during the acute phase after ischemic stroke 
 
 
  Wake after 
sleep onset 
Sleep 
efficiency 
Slow Wave 
Sleep 
REM sleep 
Mini Mental 
Test 
 r=-0.773 
p=0.001 
  r=0.793 
p=0.001 
d2, Total 
 
 
d2, Total-E 
NS 
 
 
r=0.657 
p=0.008 
r=0.768 
p=0.001 
NS 
 
 
r=-0.684 
p=0.007 
NS 
 
 
r=-0.634 
p=0.015 
Attention 
 
NVF r=-0.540 
p=0.038 
 r=0.582 
p=0.029 
r=0.749 
p=0.002 
 
 
NS, not significant 
 
Table 4.  The details of most representative correlations between sleep EEG and cognitive 
tests during the recovery phase after ischemic stroke 
 
 
   Wake after 
sleep onset 
Sleep 
efficiency 
Slow Wave 
Sleep 
REM sleep 
Mini Mental 
Test 
 r=-0.855 
p=0.003 
r=0.818 
p=0.007 
NS 
 
r=0.708 
p=0.033 
Verbal 
memory 
LD 
 
LD-sleep 
 
E-1h 
 
r=-0.720 
p=0.044 
 
 
r=-0.720 
p=0.044 
r=0.709 
p=0.049 
 
 
r=-0.767 
p=0.026 
NS 
 
NS 
 
NS 
 
 
 
 
 
r=-0.749 
p=0.032 
Figural 
(nonverbal) 
memory 
T1/T5 
 
 
LD-F 
 
 
LD-F-sleep 
 
 
Rec-F-sleep 
 
 
E-F-1h 
 
 
E-F-Sleep 
r=-0.775 
p=0.014 
 
r=-0.841 
p=0.005 
 
r=-0.753 
p=0.019 
 
r=-0.800 
p=0.010 
r=0.709 
p=0.049 
 
r=0.811 
p=0.008 
 
r=0.720 
p=0.029 
 
r=0.814 
p=0.008 
 
 
 
NS 
 
 
NS 
 
 
NS 
 
 
NS 
 
 
r=-0.821 
p=0.007 
 
r=-0.720 
p=0.029 
r=0.762 
p=0.017 
 
r=0.845 
p=0.004 
 
NS 
 
 
NS 
 
 
r=-0.809 
p=0.008 
 
r=-0.712 
p=0.032 
d2, Total 
 
 
d2, Total-E 
r=-0.864 
p=0.003 
 
r=0.745 
p=0.021 
r=0.850 
p=0.004 
 
r=-0.777 
p=0.014 
NS 
 
 
NS 
 
NS 
 
 
NS 
 
VF r=-0.820 
p=0.007 
r=0.800 
p=0.010 
NS 
 
NS 
 
Attention 
 
NVF r=-0.674 
p=0.046 
r=0.681 
p=0.044 
NS 
 
NS 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
NS, not significant 
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Figure 1. Detailed schematic depiction of the stroke topography in 10 stroke patients. 
 
 
 
Legend to figure 1. 
 
Black, areas affected by stroke 
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Figure 2a. Correlation between sleep efficiency (%) and nonverbal fluency 
(number of figures generated in 3 minutes) during the acute phase of stroke 
The line indicates the linear regression (Pearson’s correlation coefficient 
r=0.749, p=0.002). 
 
 
 
Figure 2b. Correlation between amount of REM sleep and figural memory (recall of figures 
after one hour) during the recovery phase after stroke. The line indicates the linear 
regression (Pearson’s correlation coefficient r=0.845, p=0.004). 
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